Introduction
Librational motions of CH 2 C1, CHC1 2 , and CC1 3 groups are often found in chlorinated organic compounds even far below the melting point, in some cases just above 77 K. This leads to a dynamic or static disorder which is associated with a broadening of the 35 C1 NQR lines and a decrease in their signalto-noise ratio. Sometimes the increasing disorder is also accompanied with phase transitions [1, 2] . Recently we reported on the X-ray structures and 35 C1
NQR spectra of N-trichloroacetyl and N-dichloroacetyl amino acids and salts of amino acids with trichloroacetic acid [3] . These compounds showed a bleachout of reasonances at temperatures below the melting points, but none of them exhibited a phase transition between 77 K and room temperature.
It was pointed out that molecules with one or more optically active centers offer an interesting possibility for the study of van der Waals interactions in molecular solids. By crystallizing the pure enantiomers or their racemic mixtures one can investigate the same molecules in different crystallographic environments Reprint requests to Prof. Dr. Hartmut Fuess. which in turn alters the electric field gradient (EFG) at the site of the 35 C1 nuclei. To extend these investigations, we now report on further X-ray and 35 C1 NQR studies on the trichloroacetylated amino acid valine as well as on salts of this amino acid with trichloroacetic acid.
Experimental
(1) and (2) were synthesized following the method reported in [4] . The salts of L-valine and DL-valine were prepared by mixing stoichiometric amounts of trichloroacetic acid and the respective amino acids. X-ray diffraction intensities for (l)-(4) were collected on a four-circle goniometer and were corrected for absorption as well as the Lorentz-polarization factor. The structures were determined by direct methods [5] and least squares refinement [6] . The atomic positions of all hydrogen atoms were fixed isotropically. The results of the crystal structure determinations as well as the crystallographic data for the four compounds are given in Table 1 . The relative atomic positions and the mean thermal parameters are reported in Table 2 , the intramolecular bond lengths in Table 3 . Bond an-0932-0784 / 97 / 0300-259 $ 06.00 © -Verlag der Zeitschrift für Naturforschung, D-72072 Tübingen gles, hydrogen bond distances and a full list of structure factors F c , F a can be obtained [7] , The procedure adopted for the variable temperature NQR measurements was the same as that outlined earlier [3] .
Results and Discussion

N-Frichloroacetyl-DL-valine (1):
Compound 1 crystallizes in a centrosymmetric monoclinic space group (C2/c) with one molecule in the asymmetric unit. Figure 1 shows the molecular arrangement with the atom numbering, and Fig. 2 the projection on the ac plane. In accordance with the crystallographic data, three 35 C1 NQR lines were obtained in the temperature range between 77 K and the bleachout temperature T b = 133 K (Fig. 3 , see also Table 4 for NQR frequencies at certain temperatures). (1) and thermal ellipsoids (50% probability level). ). (7 eq is defined as one third of the trace of the orthogonalized U u tensor. 
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Two different types of hydrogen bonds were found. The first one is located between the amido NH and the carboxylic oxygen which leads to the formation of dimers, each consisting of one molecule with D-and one with L-configuration, respectively. These dimers are connected with each other via hydrogen bonds between the amido CO and the carboxylic OH groups.
N-Trichloroacetyl-L-valine (2):
The pure enantiomer 2 crystallizes in an orthorhombic space group (P2 1 2 1 2 1 ) with one molecule in the asymmetric unit. Figure 4 a shows the projection on the ab plane with the mean positions of the three chlorine atoms. In contrast to 1 only one type of hydrogen bond is found for the TCA-L-valine (2) which connects the carboxylic OH with the amido oxygen. The nitrogen-bonded hydrogens do not seem to be involved in the formation of any hydrogen bonds. The weaker intermolecular interactions in 2 compared to 1 are also reflected by the lower bleachout temperature of the three NQR resonances of 2 (Fig. 5 , T b = 114 K) and the difficulty to fix the atomic positions of the CC1 3 group in the X-ray investigations at room temperature (Figure 4 ). Figure 4 b shows the nine probable positions of the three chlorines of the CC1 3 group fixed with the help of a Fourier map. The occupancy factor for the three positions of each Cl, viz., Cl (1) , Cl (2) , and Cl <3) is nearly 0.8 : 0.1 : 0.1, respectively. The salt of the racemic amino acid DL-valine with trichloroacetic acid crystallized in a triclinic space group (Pi) with one molecule in the asymmetric unit. A plot of the unit cell on the be plane is sketched in Figure 6 . As discussed for compound 1, the structure of the salt of trichloroacetic acid with DL-valine (3) is also dominated by the formation of dimers consisting of protonated D-and L-valine. The connection of these two molecules is made possible by the hydrogen bonds between the ammonium group and the carboxylic oxygens. Each of these dimers is linked with the next unit via two trichloroacetates that interact with the amino acids by three further hydrogen bonds. and room temperature, the number of crystallographically independent chlorine atoms, viz., three, in the unit cell deduced from the NQR spectroscopy (Fig. 7 , T b =183K) is in agreement with the results of the X-ray structure determination.
L-Valinium Trichloroacetate (4):
The behavior of L-valinium trichloroacetate (4) in the solid state seems to be more complicated. The NQR measurements show evidence for two phase transitions between 77 K and T b = 163 K (Figure 8 ). While only three resonance lines were detected at 77 K, six signals were observed in the temperature range 103 to 128 K. A more detailed NQR investigation was hindered due to lack of precise temperature control between 77 and 103 K. After the disappearance of six signals at 128 K, only three reappeared at 132 K. The definite bleachout temperature was reached at 163 K. Additional DSC investigations confirmed the phase transitions at 88 K and 128 K. The structure refinement for this compound was made difficult by the rotational motions of the CC1 3 group which resulted in high temperature factors for atoms Cl (13) , Cl <23) , Cl (33) , Cl (41) , and Cl (42) . A plot of the unit cell projection on the ab plane is given in Figure 9 . Despite the fact that no phase transition was detected between 163 K and room temperature by DSC technique, the crystallographic data show four independent molecules in the unit cell (Fig. 10 ) which should result in twelve NQR lines. The disagreement between the results of the NQR and the X-ray measurements cannot be explained in a straightforward manner. Further investigations including low temperature X-ray are in progress to elucidate the temperature dependence of the molecular arrangements in the solid state of 4. 
